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ABSTRACT

Water pipe failures (leaks) within buildings are an ongoi ng
probl em at many | arge installations such as mlitary bases,
universities, and industrial conplexes. Such failures can cause
severe, costly damage to building interiors, personal property,
and el ectronic equi pnent. Most failures in netallic potable

wat er pi pes may be induced by certain constituents in the water
and/ or poor workmanship practices. Water tenperatures,

pressures, and velocities are also factors in the corrosion
process. In order to mtigate water-side corrosion and conply
with the 1986 Safe Drinking Water Act and the National Primary
Drinking Water Regul ations for | ead and copper, 40 CFR 141. 82, an
alternative to chem cal treatnment was devel oped. The prelimnary
results of in-situ pipe coatings for small diameter building

pl unbi ng are present ed.

INTRODUCTION

Arny installations nust conply with the increasingly stringent
drinking water quality standards enacted at the Federal |evel and
enforced by State regulations. The Safe Drinking Water Act
(SDWA) of 1974 required the U. S. Environnental Protection Agency
(USEPA) to develop a list of maxi mumcontaminant limts (MCLs)
for inclusion in the National Primary Drinking Water Regul ations
(NPDWR) . ' A Sept enber 1986 anendnent to the SDWA banned the use
of lead in public water system pi pes, solder, and flux. On 7
June 1991, the USEPA finalized these regulations with a

requi renment of an MCL for |ead concentration of 0.015 ng/L
(2.00"10-6 oz/gal) nmeasured in the ninetieth percentile taken
fromcold water kitchen faucets following a 6 to 8-hour
stagnation tinme. |In Septenber 1992, the USEPA finished Volune 11
of the Lead and Copper Rule (LCR), which is the guidance manual
on corrosion control treatnent.?



Much attention has focused on the costly renedi ati ons required
when the | ead action |level is exceeded. This issue plays a
significant role in the national debate over unfunded

envi ronnent al mandates, and nore specifically, in the search for
cost-effective ways to ensure that drinking water at Arny
installations neets all standards for quality and conpliance with
applicable laws. Two possible strategies to ensure that drinking
wat er neets current standards are by chem cal treatnent and by
application of coatings or linings to pipes or tubes to mtigate
corrosi on or plunbosol vency (the | eaching of lead into water).

In addition to plunbosol vency, copper tubes and fittings fail by
pitting corrosion, concentration cell corrosion and gal vanic
corrosion as a result of both water chem stry and wor kmanshi p.
Chem cal treatnent alone will not mtigate corrosion induced
failure where poor workmanshi p has been identified as the primry
cause of failure. The use of an in-situ coating or |lining can be
utilized as an alternative to chemcal treatnment to mtigate

t hese types of corrosion induced failures. An exanple of
corrosion induced water-side pipe failure within building

pl unbi ng systens that could be mtigated by in-situ coating is
shown in Figure 1. This study was undertaken to eval uate the
effectiveness of an in-situ epoxy coating in conparison with a
proven chem cal treatnent for potable water.

The purposes of this study were to initiate operation of the
Water Treatnent Test Facility (WITF), and to execute a 12-week
test program This study eval uated the effectiveness of an in-
situ epoxy coating for the mtigation of |ead and copper
corrosion in conparison to both a control and a proven, effective
chem cal treatnent (zinc orthophosphate) for potable water.

EXPERIMENTAL PROCEDURE

The initial phase of the | aboratory investigation was to
determ ne whether a coating or lining could be applied in-situ to
existing small diameter (1"-2") pipes or tubes. The experinental
procedures consisted of fabricating copper pipe specinens,
abrasively cleaning the interior surface foll owed by either

bl owi ng through or depositing the 100% solids epoxy coating. The
coating application loop is represented in Figure 2. The epoxy
coating was then air cured. The evaluation consisted of
sectioning the speci mens and neasuring the coating thickness to
determne uniformty of each application technique, in addition
to taking weekly water analysis sanples to determne |ead ion
cont ents.

The water entering the water treatment test facility can be
altered nechanically and chemcally to produce a water with the
desired concentrations of hardness, alkalinity, pH calcium etc.
Several different water qualities (up to four) can be eval uated



during each daily cycle by using a conputer to control sequencing
of valves, punps, etc. Provisions have been nade for testing up
to four different chemcal treatnents for each of the water
qualities. Figures 3, 4, and 5 provide detailed schematics of
various el enents of the WTF.

This study enployed only two water qualities. One was softened
water (<2.0 ng/L hardness as CaC(O;) with an al kalinity of ~200
nmg/L and a flow ng pH of approximately 7.0, and the second was a
hard water (municipal supply, ~80 ng/L as CaC3;) with an

al kalinity of 200 ng/L and a flowng pH of 7.5. The original
intent was to operate the hard water systemwith a pH of 8.0, but
the water pH was not stable in that range. The incom ng
muni ci pal water has a nomnal pHof 88 to 9.0, so the pHis
first lowered and the alkalinity neutralized by the addition of
sulfuric acid. Soft water test |oops are first passed through a
wat er softener to renove nost of the hardness. After the acid
addition, solutions of first sodi um bi carbonate and then sodi um
hydroxi de are injected into the test loop to raise the alkalinity
and pHto the desired |levels. There were three water treatnment
schenmes, a control with no coating, in-situ epoxy coating, and

zi nc orthophosphate. The two flow rates enployed were 5 and 3
feet per second (fps).® Each of the water qualities (W) were
tested at two velocities (3 and 5 fps), the maxi num for copper
pipe in a typical building flowis 4 fps. This resulted in four
desi gnated water qualities:

1. WQ 1, hard water, 5 FPS
2. WQ 2, soft water, 5 FPS
3. WQ 3, hard water, 3 FPS
4. WQ 4, soft water, 3 FPS

Water flowed through each of the 12 legs for 2 hours each day.
Each of the twelve legs in operation had a 3%2in. |ong copper
specimen with % in. coating of 50/50 tin-lead solder with a

t hi ckness of .03"+. 005" and 3 in. |ong copper specinens. Since
the | oops are constructed of PVC pipe, these pipe specinens are
the only potential source of |ead and copper in the system except
the incomng city water.

Sanpl es were taken weekly follow ng an 8-hour standing tinme from
each of the twelve | egs and anal yzed for | ead, copper, total
organi c carbon (TOC), orthophosphate, zinc, nethyl orange

al kalinity (Malkalinity), hardness, pH and tenperature. Source
wat er for the | oops was Chanpai gn- Urbana tap water (Northern
II'linois Water Corporation). This was nonitored weekly for
copper, TOC, orthophosphate, and zinc. The soft and hard water
supplied to the | egs was nonitored for background concentrations
inall of the species |isted above. Oxygen and tenperature

| evel s during operation were recorded by on-line instrunents.



The uncoated copper specinens were renoved for corrosion wei ght
| oss neasurenents.

DISCUSSION OF RESULTS

ANALYTI CAL DATA

One concern with the use of the in-situ epoxy coating was the
possi bl e deconposition of the coating, which mght result in the
rel ease of organi c conpounds. The supply water was nonitored for
background TOC | evel s, and the average value for the 12-week
period was 1.8 ng/L. The average for the four |egs that used the
in-situ epoxy coated specinmens was 1.7 to 1.9 ng/L, indicating no
significant deconposition of the epoxy coating. Neither the flow
rate (5 fps and 3 fps), nor the water quality had any apparent

i npact on the | ead or copper concentrations. The tenperature was
relatively constant throughout the course of the experinent, with

a range of 16.9 to 20.3 °C, and an average value of 17.9 to 18.6

°Cin the individual legs. The pH for the standing sanples in
all of the |l egs was constant at approximtely 7.0 (0. 3).

Lead corrosion was obviously controlled by water treatnent by
using a zinc orthophosphate inhibitor, since very few of the
sanpl es contai ned | ead concentrati ons above the detection [imt.
Copper concentrations were neasurable for all 12 weeks in each of
the four |legs using zinc orthophosphate. The average
concentration of copper was highest (0.51 ng/L) in the soft

water, 3 fps leg. The average concentration of copper in the
other three |l egs was very consistent at 0.41, 0.43, and 0.44
mg/ L. None of the copper concentrations exceeded the USEPA 1.3
mg/ L MCL. The average TOC concentration in these four |egs was
very simlar to the coated specinmen legs, ranging from1l.7 to 2.0
mg/ L. Zinc concentrations averaged between 0.86 and 0.96 ny/L,
and the average orthophosphate concentrations ranged from1l.52 to
1.91 ng/L. The zinc orthophosphate treatnent provided
satisfactory corrosion inhibition of |ead and copper.

Corrosion rates for both | ead and copper was highest in the
control legs. The soft water, 5 fps leg, had the | owest |ead

| evel s, averaging 1.04 pg/L. The other three | egs were nore
consistent wth each other, averaging 2.10 to 2.74 pg/L. Hard
wat er showed hi gher Pb corrosion rates than soft water for |ead
at both flow rates. However, the average copper concentrations



were nore consistent, ranging from1.03 to 1.26 ng/L for the four
control |legs. Copper concentrations exceeded the MCL of 1.3 ny/L
in 41 percent of the sanples fromthese | egs.

Once again, TOC concentrations were conparable in both the in-
situ epoxy coated specinen |l egs and the zinc orthophosphate
treated legs, ranging from1.8 to 2.0 ng/L. Chanpai gn-U bana tap
wat er was used as the supply for these | oops, and was nonitored
for copper, TOC, orthophosphate, and zinc. Zinc and copper
concentrations were below instrunent detection |imts for all of
t he sanpl es anal yzed. The TOC concentrations averaged 1.8 ng/L
for the duration of the test run. Trace anmounts of

ort hophosphate recorded in two sanpl es, may have been due to
system pH upsets that resulted in a rel ease of phosphate from
exi sting deposits on the distribution piping (a dissolution of
wat er chem stry originated deposits).

Fl ow ng water sanples fromthe hard and soft water supply |oops
wer e anal yzed during nost of the 12-week period for the sane

anal yses as the legs. Oxygen concentrations averaged 3.6 ng/L in
the soft water loop and 3.8 ng/L in the hard water |oop. The
tenperatures were, as expected, nuch lower in the flow ng

sanpl es, averaging near 10 °C for both | oops. The copper, zinc,
and | ead concentrations in the | oop were found to be at or bel ow
the detection limt.

VEI GHT LOSS DATA

Corrosion weight |oss neasurenents were conducted on the 3-in.
copper specinens installed in the zinc orthophosphate and control
| oops. The corrosion rate was sonewhat higher for the soft water
than the hard water for both velocities in the control and
treated legs. The 5 fps velocity | egs had higher corrosion rates
than the conparable 3 fps legs for three of the four water
quality/velocity conbinations. The soft water legs treated with
zi nc orthophosphate had the sane corrosion rates for both the 3
and 5 fps legs. The effect of velocity on the corrosion rate of
copper was obvious in the control |egs. The copper corrosion
rate in MPY (mllineters penetration/year) for the 5 fps legs in
both the hard and soft waters was al nost 20 percent higher than
inthe 3 fps legs. The recomended maxi num vel ocity for copper
tube in potable water systens is 4 fps; flow rates higher than
that can cause an increase in corrosion rates. The copper
corrosion rates for the four | egs using zinc orthophosphate
ranged from0.34 to 0.49 MPY, and the corrosion rates in the
control legs were 0.95 to 1.19 MPY. Copper corrosion rates of
1.0 MPY are nuch higher than desired for potable water systens,
the desired corrosion rate is less than 0.5 MPY. Corrosion wei ght
| oss determ nations were not performed on the 3% in. specinens
since %in. of the inside is coated with 50/50 tin-lead sol der,



and it would be difficult to determ ne how nuch wei ght | oss was
attributable to copper and how nuch was | ead or tin.

W LCOXON SI GNED RANK TEST

The W/ coxon Signed Rank Test (W /I coxon) is a nonparanetric
statistical analysis conparing two rel ated (dependent) sanpl es.
The W1 coxon takes into account the size of the rank order
differences within pairs of data, as opposed to the nunerical
values of the differences. Paired data were exam ned anong three
different water treatnent conditions (epoxy coating, zinc

ort hophosphate, and control) under four different water quality
conditions. Table 1 summarizes the water treatnents and
qualities. The WIcoxon was applied to | ook for differences
anong the three different water treatnents.

In this experinment, copper, |lead, and total organic carbon (TOC)
values in water were recorded. The W/I coxon was perforned
separately for each of these three elenments. For the purpose of
reading the tables, water quality is denoted by WQ and wat er
treatnent is denoted by WI. The nunbers corresponding to the
water treatnents and qualities are designated in Tables 1 and 2.
The W1 coxon tables are broken down into three sections:

1. Counts of Differences: This section presents the
nunber of tinmes elenent values froma given WQ and WI
(listed along the left-hand colum) are greater than the
val ues for one of the other WIs (listed along the top row).

2. Z: This section presents the sum of the signed ranks
di vided by the square root of the sum of the squared ranks.
This statistic is given neaning by the probability val ue
obtained in statistical tables.?

3. Two- Si ded Probabilities: The statistical significance
to the corresponding Z-value is given in this section. A
probability of 1.000 neans the paired rankings are

i ndi stingui shabl e from one another and the differences
between themare insignificant. A probability of 0.001
means there is a 99.9 percent probability the paired

ranki ngs are di stinguishable and significantly different.

Table 2 summari zes the WI coxon for copper, |ead, and TOC val ues.

Tabl e 3 sunmari zes the results shown in Table 2, and ranks the
water treatnents for the reduction of each elenent. The data in
Tabl e 3 shows that the epoxy coating was the nost effective for
reduci ng copper concentrations in the pipe |oop. Both the epoxy
coating and the zinc orthophosphate were effective in reducing
| ead val ues, and both seened to work equally well in conparison



with the control. However, all three water treatnents were
statistically indistinguishable fromone another in reducing TOC
values. None of the water treatnents stood out as a good agent
for the reduction of total organic carbon in water.

VI SUAL OBSERVATI ONS

Vi sual observations were made for all of the 3%in. and 3-in.
speci nens after conpleting the test run, and before neking any
wei ght | oss determ nations. The exterior surface of each

speci nen was di scolored, indicating there had been sone seepage
of water between the specinmen and the holder. The specinens
designated by C are the 3-in. copper specinens and those
designated by P are the 3% in. copper and tin-|lead sol der
specinens. Table 4 lists the visual observations.

CONCLUSIONS

The results of this study clearly indicate that the in-situ epoxy
coating provides an effective alternative to conventiona

chem cal treatnent for the prevention of |ead and copper netal

rel ease in a systemnodeled to sinmulate a home plunbing system
Lead concentrations were |lower than the USEPA MCL for all of the
sanpl es, but this was probably due to the very small surface area
of lead available. The control sanples had neasurable | ead
concentrations in nost sanples (>80 percent), with three of the

| egs averaging nore than 2 pug/L lead for the standi ng sanpl es.
The zinc orthophosphate and in-situ epoxy coating |legs all had
only occasional (<20 percent) |ead concentrations above the
detection limts. Copper concentrations were very high in the
control |egs, having average copper concentrations near the USEPA
MCL of 1.3 ng/L (1.03-1.26 ng/L) for each leg, with ~41 percent
of the sanpl es exceeding the MCL. The zinc orthophosphate
exhibited a significant inprovenment in the copper concentrations
found in the standing sanples for all water qualities, with none
of the sanpl es exceeding the MCL. The average copper
concentrations varied fromO0.41 to 0.51 ng/L. The in-situ epoxy-
coated | egs showed an even nore dramatic reduction of copper

| evel s than the zinc orthophosphate treatnment, with only one of
the 48 sanpl es having a copper concentration (0.030 ng/L) above
the detection [imt of 0.006 ng/L.

This study also initiated operation of the WITF, and determ ned

its viability as a test facility to sinulate a variety of water

qualities in a home plunbing system The WITF operated reliably
over the course of the 12-week study, which gathered val uabl e

i nformati on on operating procedures. Conprehensive information

on the operation of the |oop, conputer prograns, and equi pnent



specifications can be found in the Arny Water Treatnent Test
Facility QOperation Manual .



Table 2. Summaries of the Wilcoxin for copper, lead, and TOC values.

Order of performance:
WT1, WT2, WT3.

percent), and WT3 had the
most number of larger lead
values, placing it last

Water Copper Lead TOC
Quality
WQL: “hard” | WT1 was the best The results for comparing | There was no significant
water, 5fps. | treatment for thisWQ, | WT1 and WT2 were not difference between WT1
having a 99.8 percent distinguishable. However, | and WT2, aswell as
significanceover WT2 | both WT1 and WT2 were | between WT2 and
and WT3. WT2ranked | significantly better than WT3. Theresultsfor
second, also having a WTS3 (over 99 percent). WT1and WT3 were
99.8 percent significance 96.5 percent
over WT3. distinguishable, with
WT1 prevailing.
WQ2: “soft” | The results for WQ2 The results were sSimilar to | None of the three water
water, 5fps. | wereamost identical to | the WQ1 results. WT1 and | treatments were
WQ1. WT1had overa | WT2 were not statistically
99 percent significance | distinguishable, but both distinguishable from one
over WT2 and WT3. WTs prevailed over WT3. | another for this water
WT2 had a99.7 percent quality.
significance over WT3.
WQ3: “hard” | The results were exactly | In thiscase, WT1 and WT2 | The results for WQ3
water, 3fps. | identical to the results were distinguishable, with | were the same as for
obtained for WQL1. WT2 having a95.7 percent | WQ2. None of the
WT1 was the best, significance over WTL1. three water treatments
followed by WT2 and Both WT1 and WT2 were | were statistically
WT3. significantly better than distinguishable from one
WT3 (over 95 percent). another.
WQ4: “soft” | Once again the results WT1 had adight significant | For WQ4, WT2 was
water, 3fps. | were similar to WQ1. edge over WT2 (92 dightly significantly

different over WT1
(91.9 percent). The
remaining results were

among the three water not distinguishable.
treatments.
Table 3. Wilcoxon signed rank test results.
Water Copper Lead TOC
Quality Water Treatment Rank [Water Treatment Rank |Water Treatment Rank
wWQ1 WT1 |WT2 (WT3 WTL, WT2 (WT3 |— |WT1, WT2 WT3|— |—
WQ2 WT1 |WT2 (WT3 WTL WT2 (WT3 |— |WT1, WT2 WT3|— |—
WQ3 WT1 |WT2 (WT3 WT2 WTL1 |WT3 [WT1, WT2 WT3|— |[—
WQ4 WT1 |WT2 (WT3 WT1 WT2 |WT3 [WT1, WT2, WT3|— |[—




Figure 1. Copper tube showing workmanship defect, i.e., unreamed tube ends, solder globs, and
excess solder flux.

Figure 2. In-situ coating application loop.
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Table 1. Sample Identifications

Sample Water Water Treatment
Identification | Quality | Treatment

A-1 1 1 Coating

-1 2 Zinc Orthophosphate
R-1 3 Control

D-3 2 1 Coating

L-2 2 Zinc Orthophosphate
S1 3 Control

F-1 3 1 Coating
M-1 2 Zinc Orthophosphate
V-1 3 Control

G-1 4 1 Coating

P-2 2 Zinc Orthophosphate
W-1 3 Control




